Previous investigations have demonstrated that the natural plant product coumarin is hepatotoxic in a number of species including the rat (Hazelton et al., 1956; Hagan et al., 1967; Grasso et al., 1974; Evans et al., 1979). Furthermore, coumarin produces a dose-related liver enlargement in the rat with the concomitant decrease in activity of xenobiotic-metabolizing enzymes (Feuer el al., Grasso et al., 1974) . In the present study we have further investigated the hepatic effects of coumarin in the rat and attempted to probe the mechanism@) underlying the hepatotoxicity of this compound.
Previous investigations have demonstrated that the natural plant product coumarin is hepatotoxic in a number of species including the rat (Hazelton et al., 1956; Hagan et al., 1967; Grasso et al., 1974; Evans et al., 1979) . Furthermore, coumarin produces a dose-related liver enlargement in the rat with the concomitant decrease in activity of xenobiotic-metabolizing enzymes (Feuer el al., 1974; Grasso et al., 1974) . In the present study we have further investigated the hepatic effects of coumarin in the rat and attempted to probe the mechanism@) underlying the hepatotoxicity of this compound.
Male Sprague-Dawley rats (100-12Og) were used in the present studies. Coumarin was administered by oral intubation, control animals received corresponding quantities of the corn-oil vehicle (10mVkg). Animals were starved overnight and subsequently killed by cervical dislocation. The livers were immediately excised, samples removed for histological examination (Grasso et al., 1974) and the remainder homogenized in 0.154~-KCI containing 5Om~-Tris/HCl, pH 7.4. Washed microsomal fractions were prepared by differential centrifugation. Mixed-function-oxidase enzyme activities were determined by modifications of the methods of Holtzman ef al.
(1968) for ethylmorphine N-demethylase and Ullrich & Weber ( 1972) for 7-ethoxycoumarin 0-de-ethylase. Microsomal fractions were also assayed for glucose 6-phosphatase (de Duve et al., 1955) , cytochrome P-450 (Omura & Sato, 1964) and protein (Lowry et al., 195 1) .
The oral administration of 375 mg of coumarin/kg produced significant liver enlargement after 24 h (Table 1) . In addition, a number of markers of the hepatic microsomal mixed-functionoxidase complex, namely the activities of ethylmorphine Ndemethylase and 7-ethoxycoumarin O-de-ethylase and the content of cytochrome P-450, were markedly inhibited. The activity of glucose 6-phosphatase and the content of microsomal protein were also significantly decreased by coumarin treatment. Examination of liver sections from animals treated with 125-750mg of coumaridkg revealed necrosis of the centrilobular areas of the liver lobule, the severity of which was dose-related. Studies were also conducted on the NADPHdependent metabolism of [3-1T]coumarin by rat hepatic washed microsomal fractions. The irreversible binding of coumarin metabolites to microsomal proteins was indicated, as some radioactivity was not extracted by repeated washing with both 5% (w/v) trichloroacetic acid and 80% (v/v) methanol. Rates of covalent binding of 0.05 and 0.50rn~-[3-~'Cl coumarin to microsomal proteins were 2.4 f 0.04 and 6.8 f 0.2nmol/h per mg of protein respectively (mean & S.E.M. for four animals). Finally, the administration of coumarin was found to significantly deplete hepatic reduced-glutathione concentrations within 2h.
The results of the present studies extend previous investigations into coumarin hepatotoxicity in the rat and demonstrate that the decrease of enzyme activities was associated with centrilobular liver necrosis. The irreversible binding of coumarin metabolite@) and the depletion of hepatic glutathione suggest that coumarin is metabolized to reactive intermediates. Thus the mechanism of coumarin hepatotoxicity appears to resemble that of other hepatotoxins such as paracetamol (Mitchell et al., 1973; Potter et al., 1973) and bromobenzene (Brodie et al., 1971; Jollow el al., 1974) , which also produce reactive metabolites and deplete hepatic reduced-glutathione. , 1971; Lake & Parke, 1972) . The present studies were carried out on carbon disulphide to ascertain the effects of this chemical on cytochrome P-450 and to elucidate the mechanism of hepatotoxicity. Male Wistar albino rats [15Og body wt. fed on Laboratory Diet 1 (Spratt's Barking, Essex) and tap water ad libitum1 were given a single dose of carbon disulphide (5OOmg/kg) in corn oil, intraperitoneally. The treated animals were killed at various time intervals, the livers removed, homogenized in cold 1.15% (w/v) KCI, and the lOOOOg supernatant and microsomal preparations were obtained. Similar preparations were obtained from untreated rats for the studies in vitro with carbon Liver microsomal lOOOOg supernatants (0.5 ml) from normal untreated rats were incubated at 37OC for lOmin with carbon disulphide ( l O p~-l mM, sonicated emulsion in 1.15% KCI containing 2% v/v Tween 80) in the presence of NADP (1.5pmol), glucose 6-phosphate (1 5 pmol), glucose 6-phosphate dehydrogenase (2 i.u.), MgCI, (10pmol) and phosphate buffer, pH 7.4 (25pmol). The incubation mixtures were gassed with N, for 1 min to remove unchanged carbon disulphide, then with 0, for 1 min, before determining cytochromes and mixed-functionoxidase activities.
Rats dosed intraperitoneally with carbon disulphide showed a progressive loss of liver cytochrome P-450 (50% in 30min) accompanied by a 5-6-fold increase in cytochrome P-420 (see Table 1 ). Carbon disulphide decreased biphenyl 4-hydroxylase (12% of normal) more markedly, but NADPH-cytochrome c reductase and cytochrome b, were unaffected. There was no further loss of cytochrome P-450 12 h after carbon disulphide treatment, but cytochrome P-420 activity returned to normal and biphenyl 4-hydroxylase substantially increased (50% normal) at this time (see Table 1 ). The CO-binding spectral maxima of the microsomal cytochrome before carbon disulphide treatment, and 0.5 and 4 h afterwards, were 450.0fO.Inm, but at 12h after treatment this was 448.8 f 0.1 nm. This change was supported by a marked increase in biphenyl 2-hydroxylase activity, which is specific for cytochrome P-448 (see Table 1 ). Table 1 . Effect of carbon disulphide in vivo on liver microsomal mixed-jiunction oxidases of starved rats Male rats (l5Og body wt.) deprived of food for 15 h were given a single dose of carbon disulphide (500mg/kg in 1 ml of corn oil) intraperitoneally. Animals were killed in pairs by cervical dislocation at various time intervals after carbon disulphide administration, liver homogenates were immediately prepared and lOOOOg supernatant and microsomal pellet preparations were obtained, and the mixed-function oxygenases were determined as described in the text. The results are the means of three determinations for each of two animals. 
